Protracted periods of increased cortisol production, as may be seen in an acute illness, may lead to transient hyperglycemia. Increasing evidence suggests that cortisol may then mediate the development of insulin resistance and potentially lead to the development of overt diabetes. Evidence in animal studies also suggests that under conditions of stress Ginkgo biloba extract could reduce plasma cortisol production and so the primary aim of this study was to determine the effect of Ginkgo biloba extract ingestion on plasma cortisol production during an acute period of glucose challenge. Healthy non-diabetic, glucose tolerant volunteers (n = 30, (10/20, M/F); age, 45.7 ± 9.9 years old) completed a randomized, double-blind, placebo-controlled crossover study when they ingested Ginkgo biloba extract (120 mg/day as a single dose) and placebo during each 3-month arm. A standard 75 g oral glucose tolerance test was performed at the end of each cycle and blood was collected and used to measure plasma glucose, insulin, c-peptide and cortisol. Fasting plasma cortisol was significantly lower after the Ginkgo biloba cycle than the placebo cycle (326 ± 149 vs. 268 ± 121 nmol/L, respectively; p = 019). The plasma cortisol area under the curve during the 2-hour test (AUC0-2) was also significantly lower after ingestion of the Ginkgo biloba cycle compared to the placebo (668 ± 265 vs. 530 ± 213 nmol/L/h, respectively; p < 0.001). It is concluded that the ingestion of Ginkgo biloba extract has effect on the hypothalamic-pituitary-adrenal axis leading to reduced basal cortisol levels and reduced cortisol production in response to acute hyperglycemic challenge.
Introduction
The hypothalamic-pituitary (HPA) axis is characterized by a circadian rhythm with a maximum cortisol production in early morning (8 -10 am) and the lowest levels found in the evening [1] . It is generally believed that during periods of high metabolic demands, such as in the morning after an overnight fast, high cortisol levels ensue which leads to increased blood glucose via gluconeogenesis and glycogenolysis [2] . It is known that sustained hypercortisolemia, produced under a variety of stressful conditions, such as trauma and depression may promote insulin resistance and the associated complications [2] - [6] . Antidepressants and anxiolytic drugs may be used for the treatment and management of stress and they do show significant reduction in cortisol production and stress reactivity [2] [7] . However, the attendant adverse reactions including fatalities, particularly with the tricyclic antidepressants [8] [9] , have led people to explore the use of alternative therapies, including the use of nutraceuticals like Ginkgo biloba extract [10] .
For over a decade, we have studied the effect of Ginkgo biloba extract on several parameters including pancreatic β-cell function and whole body insulin sensitivity in normal glucose tolerant individuals, those with impaired glucose tolerance and people suffering from type 2 diabetes mellitus (T2DM) [11] - [13] . During these studies the volunteers completed monthly questionnaires and were encouraged to provide other general comments about how they felt after ingesting the Ginkgo biloba extract. The participants commonly reported increased wellbeing and being "less stressed up". This current report is the result of measuring total cortisol in the same stored plasma (−86˚C) in which plasma insulin and C-peptide were previously measured in normal, healthy non-diabetic volunteers. The volunteers participated in a double-blind placebo control crossover study in which they ingested 120 mg of Ginkgo biloba extract as a single dose or a placebo daily for three months. The oral glucose tolerance test (OGTT) with 75 g glucose was administered at the end of each treatment arm to 1) confirm the absence of diabetes and 2) examine quantitative pancreatic β-cell function. Because there are already studies showing that Ginkgo biloba extract regulates adrenal cortical hormone production in cell culture [14] and in intact stress-induced rats [15] the driving hypothesis was that the feeling of wellbeing reported by volunteers after ingesting Ginkgo biloba extract was due to reduced cortisol production. It was further hypothesized that the ingestion of Ginkgo biloba extract would significantly protect the HPA axis even after an acute glucose challenge.
Study Subjects and Methods

Study Subject and Protocol
Volunteers for the study were enrolled in response to advertisements on bulletin boards around the University campus and endocrine clinics of the South Texas Veterans Health Care System, Audie L. Murphy Division. The experimental protocols were approved by the Institutional Review Board of the University of Texas Health Science Center, the Scientific Advisory Board of the Frederic C. Bartter General Clinical Research Center (GCRC), and the Research and Development Committee of the South Texas Veterans Health Care System, Audie L. Murphy Division. Written, informed and voluntary consent was obtained from all participants. All the volunteers were screened, using clinical laboratory blood tests, including complete blood counts and a comprehensive metabolic panel, before enrollment into the study. Body weights for all individuals enrolled had been stable for at least 3 months prior to beginning the study. Potential participants without major medical problems (major cardiovascular, hepatic and other endocrine diseases) as determined by routine medical history, physical examination, blood and urine tests were included in the study. A pregnancy test was performed in all women of reproductive potential, and pregnant or nursing women were excluded. Volunteers with anemia [Hb < 12 g/dl (female) or < 13 g/dl (male)] were also excluded. The subjects were advised to abstain from diets and other dietary supplements rich in fish oils (such as EPA Plus TM and Omega 3 TM ), and other antioxidants such as quercetin, and vitamins A, C and E. The participants were instructed not to take any platelet inhibiting drugs, such as nonsteroidal anti-inflammatory drugs (NSAID), for at least 10 days preceding the end of each arm of the study as platelet function tests were performed in another part of the study protocol.
Study Design
All participants (30) were asked to come to the GCRC, after an overnight fast (10 -12 hours), where they were weighed, their heights taken (for determination of body mass index), body composition profile performed using a bioelectrical impedance method (Spectrum Lightweight II, RJL Systems Instruments), electrocardiography performed, and blood pressure checked and they were randomly assigned to receive either a placebo or Ginkgo biloba extract (120 mg as a single dose). The Ginkgo biloba extract was a 50:1 standardized extract (Whole Health Inc.) with a potency of approximately 27% flavone glycosides (a combination of isorhamnetin, myricetin, kaempferol and quercetin) and 6% terpenes (ginkgolides, A, B, C and bilobalides), as analyzed by high performance liquid chromatography (HPLC). Next, the subjects filled out a 2-page questionnaire documenting their current state of health, symptoms and medications and their general health. The research staff verified the information provided and all the volunteers underwent the standard 75 g glucose 2-hour OGTT, at the start of the experiment to verify the absence or presence of diabetes mellitus using clinical recommendations of the American Diabetes Association [16] , and also to monitor their pancreatic β-cell function. Blood samples were collected during the basal state for the measurement of the comprehensive metabolic panel, including the total lipid, complete blood count and coagulation profiles and the measurement of cortisol, glucose, insulin and c-peptide. The subjects returned to the GCRC monthly for follow-up visits when they donated blood for clinical laboratory tests, completed questionnaires to document any changes in their health, symptoms, and any significant changes in their diet. The subjects also returned unused study capsules, which were counted to estimate the compliance rate. No detailed subject food records were required for this study. At the end of each 3 rd month, the OGTT was repeated. Thus, each subject undertook the OGTT three times but only the results of the second and third tests were used for analysis (the first was used to confirm the absence of diabetes and admittance into the study).
Analytical Techniques
All the clinical laboratory tests were performed in the Chemistry Laboratory of the South Texas Veterans Health Care System, Audie L. Murphy Division. Glycosylated hemoglobin (HbA 1c ) was determined using high-pressure liquid chromatography technique using a Daimet Glycosylated Hemoglobin Analyzer (Bio-Rad Laboratories, Hercules, CA). Plasma glucose concentration during the OGTT was determined using the glucose oxidase method on a Beckman Glucose Analyzer II (Beckman, Fullerton, CA). Plasma insulin, C-peptide and cortisol levels were determined using radioimmunoassay kits (Diagnostic System Laboratories, Inc. Webster, TX, USA).
Statistical Analysis
A mathematical calculation of the required sample size was based upon the mean and standard deviation (SD) of the basal cortisol levels in the two arms of the study group (Ginkgo biloba extract and placebo cycles). A minimum sample size of 27 was required to detect significant difference with a type 1 error (α = 0.05), a power (1-β) of 0.8 and at 0.5 effect size. The area under the glucose and cortisol curves during the 2-hour OGTT (AUC 0-2 ) was calculated using the trapezoid rule. The Student's paired t-test was used to compare values during the placebo and Ginkgo biloba cycles, using the Add-in Statistical package of the Excel software (Office for Mac 2004). P values < 0.05 were considered significant.
Results
The study participants had normal glucose tolerance according to the clinical recommendation of American Diabetes Association [16] and Table 1 provides a summary of other selected diagnostic test results (from the comprehensive metabolic panel) on the last day of each 3-month treatment arm during the 6-month study. Thirty study participants completed the study and were very compliant in taking the supplements and placebos. The ingestion of 120 mg (as a single dose) had no significant effect on any of the laboratory test panels performed, including the lipid panel and the coagulation tests.
Ingestion of Ginkgo biloba extract caused a significant reduction in the fasting plasma cortisol levels as well as the cortisol production during the 2-hour OGTT (AUC 0-2 ).
The individual subject cortisol response (AUC 0-2 ) is illustrated in Figure 1 . The participants did not report any adverse events during the course of the studies.
Discussion
The results of this study indeed showed that ingestion of Ginkgo biloba extract does affect the HPA axis, a confirmation of what has been demonstrated in isolated adrenocortical cells [14] and in intact rats [15] . Ingestion of Gingko biloba extract not only caused a significant reduction in the fasting (or basal) plasma cortisol levels but it also reduced cortisol production during the 2-hour glucose challenge (AUC 0-2 ), a condition simulating acute hyperglycemia, compared to ingestion of the placebo. These results have major implications for the way that stress-related pathologies may be addressed nutritionally. As a glucocorticoid, cortisol is released in response to a variety of stress stimuli including critical illnesses leading to hyperglycemia. In fact, stress hyperglycemia [17] is a common occurrence in patients with acute and critical illnesses, even in the absence of diabetes mellitus, which was originally thought to be beneficial. However, it is now believed that, at any given severity, they face worse consequences than those with pre-existing diabetes [17] . Presumably protracted periods of stress and chronic cortisol production could conceivably produce hyperglycemia, increasing accumulation of body fat and enhancing insulin resistance [6] . This chronic stress condition may also lead not only to depression [4] but also to the development of impaired glucose tolerance and eventually overt T2DM and the associated complications such as dyslipidemia, stroke and hypertension [18] . Any intervention that would reduce chronic hypercortisolemia must therefore be considered.
The results of the present studies indicate that the ingestion of Ginkgo biloba extract might serve to reduce cortisol production when challenged with a high glucose load and this adds to our continuing efforts to characterize the whole body effect of ingesting Ginkgo biloba extract. We have already reported that the ingestion of 120 mg Ginkgo biloba extract daily as a single dose reduced platelet in vitro aggregation mediated by collagen, decreased plasma thromboxane B 2 synthesis in vitro and accompanied by decreased urinary 11-dehydrothromboxane B 2 excretion in both normal glucose tolerant and type II diabetic subjects [19] . We have also reported the reduction of malondialdehyde levels (a marker for oxidative stress) in washed platelets, harvested from healthy, non-diabetic and T2DM subjects, even when augmented with arachidonic acid [20] - [22] . Furthermore, we have reported an increase in pancreatic β-cell production of insulin and C-peptide especially in T2DM subjects with pancreatic exhaustion [12] . In this case it is possible for Ginkgo biloba extract to reverse the deleterious stressinduced cortisol effect on the pancreatic β-cell [23] . Taken together, there are several positive aspects of ingesting Ginkgo biloba extract.
Ginkgo biloba extract contains approximately 27% flavonol glycosides (mainly isorhamnetin, myricetin, kaempferol and quercetin) and 6% terpenes (ginkgolides, A, B, C and bilobalides). The flavonol glycosides have been said to be responsible for the free radical scavenging character of the extract. Quercetin (3,3',4',5,7-pentahydroxyflavone), one of the major constituents of the flavonol glycosides, has been independently shown to lower cortisol levels in rodent models of stress [24] [25] and is found in many foods items such as onions, apples, berries, tea, grapes, red wine and prickly pear. In fact, the prickly pear (Opuntia Streptacantha), which is used in Mexican folklore to treat T2DM, has been shown to have anti-hyperglycemic effects in rats [26] . The ginkgolides are known to bind to the platelet activating factor receptor in several biological systems, with ginkgolide B having the strongest affinity [27] . The addition of ginkgolide B to adrenocortical cells isolated from rodents have already been shown to cause a reduction in the production of cortisol in tissue culture [14] which may lead to the conclusion that perhaps it is this fraction that may interact directly with the HPA axis to cause a decrease in cortisol production. So both fractions of the Ginkgo biloba extract would appear to contribute to the reduction of cortisol reduction.
The major limitation of this study was that specialized stress tests were not performed and this could the subject of future studies. Other future studies could examine the effect of Ginkgo biloba extract on cortisol production in people with chronic hyperglycemia and T2DM. More importantly further research is warranted to determine the mechanism by which the two major components, the flavonol glycosides and the ginkgolides, interact with target points along the HPA axis to alter cortisol production.
Conclusion
It is possible that functional foods containing the active ingredients found in the Ginkgo biloba extract may be beneficial to several groups including people with marked insulin resistance, such as the obese [28] who also tend to have hypercortisolemia. Diabetes has become an epidemic worldwide in all age groups, with the prevalence rising faster in the youth and this may be related to diet and behavior [29] . In Latino youth for example, metabolic syndrome has been found to be associated with higher morning serum cortisol [30] . It is clear then that proper diet, dietary supplements or functional foods rich in the active ingredients found in Ginkgo biloba extract may be advantageous in reducing the chances of developing diabetes. It is also probably wise to consider foods that are rich in these active ingredients as part of food donations to people after traumatic events and natural disasters when blood cortisol is known to be elevated [31] .
